In the course of evaluating industrial heat exposures, three very hot environments having heat stress indices over 300 have been analysed by the techniques of Haines and Hatch (1952) and Belding and Hatch (1955) . In addition, pulse and oral temperature measurements were made on three subjects exposed to these environments. These studies indicate that the methods of Haines and Hatch and Belding and Hatch tend to err on the side of safety when applied to very hot areas.
In the course of evaluating industrial heat exposures, three very hot environments having heat stress indices over 300 have been analysed by the techniques of Haines and Hatch (1952) and Belding and Hatch (1955) . In addition, pulse and oral temperature measurements were made on three subjects exposed to these environments. These studies indicate that the methods of Haines and Hatch and Belding and Hatch tend to err on the side of safety when applied to very hot areas. Safe exposure times calculated by their techniques are approximately one-third those determined by either physiological measurement or by safe tolerance curves recommended by the American Society of Heating and Ventilation Engineers (ASHVE) .
The intelligent use of shielding as a method of protecting workers from radiant heat requires a knowledge of the infra-red reflectance curves of common industrial materials. Nineteen such curves are included.
Numerous attempts have been made to translate the physical parameters of a hot environment into a physiological index which may be utilized to project the effects of that environment upon man.
One of the most successful of these attempts has been that of Belding and Hatch (1955) based upon previous work by Haines and Hatch (1952) . The heat stress index which has been developed by these authors utilizes the wet-bulb, dry-bulb, and globe temperatures, the air velocity of the environment, and the metabolic heat load produced by the activity of the man.
Modem industry has created many environments which can only be classified as very hot. The heat stress index of these environments, as determined by the method of Belding and Hatch, will often be over 100 and may occasionally exceed 1,000. By definition, a Belding-Hatch heat stress index of 100 describes the maximum heat stress to which a young, healthy, acclimatiied male can be subjected for eight hours without developing adverse physiological changes.
The applicability of this index to such very hot environments is not known. This report describes the analysis and study of three hot environments with heat stress indices ranging from 395 Area at Heat Stress Index 397.-Physical measurements in area B are given in Table 1 . Table 3 presents the physiological changes occurring in three subjects exposed to this environment with a heat stress index of 397. Table 4 . (Hatch, 1958) .
For the experiments described herein, two methods of estimating safe exposure times were used. The first employed the tolerance contours resulting from joint studies by the American Society of Heating and Ventilating Engineers (ASHVE) and the U.S. Bureau of Mines during the years 1922 -1926 (Hatch, 1958 . These curves relate permissible exposure time within an environment to the dry-bulb temperature and relative humidity of that environment; permissible exposure time is based upon measured changes in rectal temperature and heart rate. The second method of estimating permissible exposure times was that of Belding and Hatch, which utilizes an estimate of the time required to cause a 2°F. increase in body temperature, and is based upon the calculated values for Ereq and Emax of the environment.
A comparison of results obtained with these two methods of estimating permissible exposure times is pertinent. In areas A and B, the ASHVE curves gave permissible exposure times of approximately 20 minutes, with 15 minutes being the predicted time in area C. In contrast, the Belding and Hatch approach indicated a permissible exposure time of eight minutes in areas A and B and five minutes in area C. Physiological measurements made in our subjects during their actual exposure in these areas indicated that the ASHVE estimates were relatively correct. Since these latter estimates are themselves based upon physiological data, this agreement was to be expected.
The foregoing comparison indicates that the estimates obtained by the Belding-Hatch method are about one-third those which physiological measurements and the ASHVE curves indicate would actually be permissible. Because the BeldingHatch technique appears to err on the side of safety, no hazardous situations should arise from its use. This discrepancy may be related to a critical assumption made by Belding and Hatch in constructing their equations. Much of the data used in deriving the heat stress index has been based on nude subjects. The assumption was made that the wearing of light clothing will have little influence upon the heat exchange of the body by conduction and convection. This assumption is evidently valid in environments in which the heat stress index is below 100, as is evidenced by the applicability of the index in such situations (Turner, 1957) . However, when the thermal gradient between skin and environmental temperature is markedly increased, the wearing of even light clothing appears to have a significant effect upon the index value.
The quantity of heat transferred to man from the environment is dependent upon the thermal conductivity of both atmosphere and clothing and upon the thickness of the still air layers. The insulating effect of a still air layer is proportional to its thickness and inversely related to the square root of the ambient air velocity (Newburgh, 1949) . When the difference between air and skin temperatures is small, the reduction in heat transfer due to the insulating properties of clothing is relatively insignificant. However, as the skin-air thermal gradient increases, the still air and clothing strata may insulate the body from a significant quantity of environmental heat.
When The heat stress indices appear to indicate that the two areas are equally hot. In fact, area 2 is four times as hot as area 1 in so far as its effect upon an exposed individual is concerned. The heat stress index is based on the ratio of Ereq to Emax whereas the permissible exposure time is based on the ratio of 250 to the absolute difference between Ereq and Emax.
In exposures of short duration, the change in body temperature should be the most critical measurement of heat load. The pulse and blood pressure responses can be influenced by other non-thermal factors such as discomfort and anxiety. The variation in pulse rate change is obvious within and between the three areas. Other reports (Bass and Henschel, 1956 ) have cited the variability in blood pressure responses seen in thermal stress.
The correspondence between the permissible time estimated from the ASHVE safe tolerance contours and those actually found in the field should not be surprising. They both use the same physiological criteria.
The information obtained by physiological measurements in hot environments can be used to outline medical controls necessary to insure the health of the workers who may of necessity be required to work briefly in such environments. These medical controls include the limiting of exposure to young, healthy males who are examined by a physician at least every six months. The maximum time spent by any one individual in the environment should be limited to a time period less than that found to cause an elevation of body temperature of 2°F. and a pulse increase of 45 beats per minute. A rest period should be provided for workers who have sustained an exposure to heat immediately after their exposure.
When job requirements are such that the time required to do the necessary tasks exceeds that of the permissible exposure, it would be necessary to utilize more than one individual, or else provide some type of direct personal protection for the individual, such as reflective clothing or air supplied suits.
While the information obtained in such physiological measurements is on men unacclimatized to heat, this would seem to be appropriate. It is highly unlikely that individuals sustaining only heat exposure of this degree would ever become acclimatized, for this, by definition, requires the performance of work within hot environments.
Section II One of the advantages of the Belding and Hatch analysis of hot environments is that it yields values for the individual components of heat stress radiation, convection, and conduction heat gainsand includes an estimate of evaporative heat losses.
In areas A and B, described in Section I, approximately 50% of the total heat burden incident upon
an individual is due to radiation. To cool a worker in such an area, it is appropriate to apply methods which would decrease the radiation gain by reducing infra-red radiation at its source, or by reflecting it from the individual.
The quantity and wavelength distribution of infra-red energy which is radiated from a body is directly dependent upon the temperature of that body. Wien's law indicates that a body with a surface temperature of 1,200-1,400°C. will produce infra-red radiation with a mean wavelength of approximately 1-8 microns. The distribution curve of infra-red radiation from bodies with a surface temperature of about 300°C. is very flat with a mean at approximately 5 microns (Duff, 1937) .
Information on the percentage reflectance at different wavelengths of infra-red energy by certain materials has been limited to the data originally derived by Coblentz (National Bureau of Standards) in the period 1917 the period -1920 the period (Coblentz, 1920 group.bmj.com on June 25, 2017 -Published by http://oem.bmj.com/ Downloaded from percentage reflectance at several specific wavelengths has been tabulated in Table 5 . All materials studied, including fabrics, were backed by a black cloth to eliminate any reflection of radiation which might penetrate through the thickness of material.
It will be noted that, with respect to their per-100 0) In Section II measurements are given on the relative reflectance of certain materials useful for shielding workers against infra-red radiation. The use of the reflectance spectrophotometer in obtaining measurements of reflectance at various wavelengths in the infra-red would seem useful in the pre-construction evaluation of equipment to be used in both mobile and stationary shielding and in personal protective equipment.
